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(&4) Antimicrobial agent 



(5?) An antimicrobial agent containing a solid solution oxide of the formula (1) : 

[(Mi^MM^*)^ 3 ^ (1) 
wherein is Zn 2+ and/or Cu 2+ , M 2 2+ is Mg 2+ and/or Ca 2 *, M 3+ is at least one trivalent 

metal selected from Al 3+ , Fe 3+ , Co 3+ , Cr 3+ , ln 3+ and Bi 3 *, 0.01=Sx<0.5. 0<y^1 and a is a constant 
arising from lattice defects and/or a hydrotalcite compound of the formula (2), 

[(M 1 2+ ) y (M 2 2+ ) 1 . y ] 1 . x M x 3+ (OH) 2 A- x/n mH 2 0 (2) 
wherein M-| 2+ , M 2 2 *, M 3 * and x are as defined, A 0- is an anion having a valence of n, 0<y<0.5 
and 0^m^2 is substantially free of toxicity, excellent in heat resistance and weatherability, economical 
and excellent in dispersibility in resins, rubbers and fibers. 
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Field of the Invention 

The present invention relates to a novel antimicrobial agent of an oxide solid solution containing Zn and/or 
Cu as an active component, and an antimicrobial resin or rubber composition. More specifically, it relates to 
an ant.rn.crob.al agent which is free of. or almost free of. toxicity, is formed of fine particles having high heat 
resistance and weatherability and is excellent in dispersibility in resins, rubbers and coating compositions, spe- 
cifically, an antimicrobial, antibacterial orantimold agent having these properties, and an antimicrobial resin 
or rubber composition containing the above antimicrobial agent. 

Prior Art of the I nvention 

Microorganisms easily grow in warm and humid places, and bacteria and molds therefore easily grow in 
various places. For example, microorganisms sometimes occur in drinking water and foods to have some or 
great influences on human lives. Further, microorganism sometimes occur in or on foods, cosmetics plastic 
products, wall paper, automotive interior and exterior fittings, construction materials, electric cables, other 
cables, synthetic leather, sealants, rubber hoses, adhesives. roofings, flooring materials, woods, coating com- 
positions, and the like, to cause discolorations. offensive odors and degradations in strength. For example 
when microorganisms which occur on an electric cable may cause leakage of electricity and there is a risk of 
causing fire or an electrical shock. Further, microorganisms may damage precious cultural properties, molds 
which occur on a plastic may cause cancer, microorganisms may cause pneumonia, ticks or mites which live 
on bacteria may occur in large numbers, and ringworm may occur to cause tinea or scabies 
^JILT^T 8 **' increasin 9 demands for safe, clean and comfortable living environments by pre- 

venting the above suffenngs from microorganisms, and various antimicrobial agents are commercially avail- 
able. These antimicrobial agents are largely classified as follows. 
Halides containing chlorine, bromine and iodine. 

Inorganic compounds such as glass containing copper arsenite. cuprous oxide, silver nitrate, silver and 
copper. 

Nitrogen-containing compounds such as amine and triazine. 

Organic metal compounds containing metals such as arsenic, copper, mercury, tin and zinc 
Organic sulfur compounds such as isothiazolone, pyrithione and thiocyanic acid salt 
Phenol compounds such as chlorinated phenol, bisphenol and o-phenol 

Consumers are taking an increasing interest in safety, and not excepting consumers in the field of anti- 
™Irf a9 -? J? reaS ° n ' USe ° f 3 re,ative,y hi9hly Safe inof 9 anic antimicrobial agent containing 

zeonteTJt' ^ r y SPreadin9 - THiS in ° rganiC antimicrobial a 9ent is prepared by supporting si.ver on 
ZX£ZS£X?- T, , Ph ° Sphate - Howevar ' this Silver-containing inorganic antimicrobial agent is 

In m> k ? 9 ♦ L SSS tOX ' C than 30 ° r9aniC antimicrobial agent. Further, the si.ver-containing inorganic 
antimicrobial agent has vanous defects in that it forms a color when it reacts with oxygen, that it foams when 
mixed with a resin and it is expensive due to the use of silver. 

Summary of the Invention 

It is an object of the present invention to provide an antimicrobial agent which is free of. or almost free of 
J T T" Weatherabi,itv ' is lass ~Pa<^e and is exceHent in dlSSSft 
crobS ag™nL ™ antimiCr ° bial resin ' rubber or f iber composition containing said antimi- 

a nj£n??M ° ^ Pr , eSem 5 vention " th6re iS Pr ° Vided an antimicrobial agent containing, as an active in- 
gredient, at least one of an oxide solid solution of the formula (1) 

KM,n v (M 2 * + ) 1 . y ],. I M3 + ,. a o ' (1) 

from A? Fe" "o^^T^ ^ * T °^ M " is at least one trivalent ™™ 

tram Al . Fe Co^. Cr^. In** and B.^, x is a number in the range of 0.01 §x<0.5, preferably 0 1 ^0 4 v is 

and a hydrotalcite compound of the formula (2), 

h » ~ KMi^Ma^i-yli-xM^OHJaA-^-rnHjO (2) 

H- ZZOZ! I f,T M3+ 38 ° efined in the f0rmu,a < 1 >> A "- is an anion having a valence of n x is 

ZSZSZSiSS* ( 1)1 y 18 a number in the range « 0<y<0 - 5 ' preferab,y 001 syso - 3 and - «■ a -SiS 

Further, according to the present invention, there is provided an antimicrobial resin, rubber or fiber com- 
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position containing 100 parts by weight of a resin or rubber and 0.001 to 50 parts by weight, preferably 0.001 
to 15 parts by weight, more preferably 0.01 to 5 parts by weight, of the above antimicrobial agent 

Detailed Description of the Invention 

5 

The present inventors have made diligent studies to develop an antimicrobial agent which is free of toxicity, 
less expensive and excellent in heat resistance. As a result, it has been found that a solid solution in which 
ZnO and/or CuO are(s) dissolved in MgO and/or CaO and further a trivalent metal ion such as AP + is dissolved 
in the MgO and/or CuO remarkably shows excellent antimicrobial activity over any one of ZnO, CuO and a 

10 combination of ZnO and CuO. It has been already known that free Zn ion and Cu ion from ZnO and CuO exhibit 
antimicrobial activity like Ag ion. However, the activity of Zn ion and Cu ion is lower than that of Ag ion, whereas 
it has been found that an oxide which is a solid solution produced by dissolving a ZnO and/or CuO in MgO 
and/or CaO and further dissolving a trivalent metal ion such as AI** in the MgO and/or CaO shows remarkably 
improved antimicrobial activity. It has bee also found that a hydrotalcite which is a solid solution prepared by 

15 dissolving Zn(OH) 2 and/or Cu(OH) 2 in Mg(OH) 2 and/or Ca(OH) 2 and further dissolving a trivalent metal ion such 
as Al 3 * in the Mg(OH) 2 and/or Ca(OH) 2 shows remarkably improved antimicrobial activity. 

The antimicrobial agent of the present invention is less expensive than a conventional inorganic antimi- 
crobial agent containing supported silver. Further, the antimicrobial agent of the present invention is excellent 
in heat resistance so that it is free of the problem of foaming at a temperature at which a resin or a rubber is 

20 processed. Moreover, the antimicrobial agent of the present invention, which is a ZnO-based and/or Zn(OH) 2 - 
based solid solution is naturally less toxic than an organic antimicrobial agent and it is also less toxic than an 
inorganic antimicrobial agent containing supported silver. It is one of limited numbers of compounds safe to 
human bodies. 

An oxide and hydroxide of Zn and Cu work as a decomposing agent when incorporated into polyvinyl chlor- 

25 ide, whereas the antimicrobial agent of the present invention contains MgO and/or CaO, or Mg(OH) 2 and/or 
Ca(OH) 2 , and therefore, the antimicrobial of the present invention is advantageous in that MgO and/or CaO, 
or Mg(OH) 2 and/or Ca(OH) 2 work(s) as a stabilizer for polyvinyl chloride so that these mask the decomposing 
activity of the oxide and hydroxide of Zn and Cu. Further, a solid solution containing ZnO and Zn(OH) 2 is white 
in color, and is free of the problem of discoloring caused by silver. 

30 The compound of the formula (1 ) and the compound of the formula (2), provided by the present invention, 

are solid solutions of oxides or hydroxides of divalent metals (M, 2 *, M^) and trivalent metal oxide or hydroxide, 
and the divalent metal oxides or hydroxides are main components. Therefore, diffraction pattern of the solid 
solution by powder X-ray diffraction has the following characteristics. The compounds of the present invention 
show diffraction patterns of the divalent metal oxides or hydroxides, while they show no diffraction pattern of 

35 the trivalent metal oxide or hydroxide, since the trivalent metal oxide or hydroxide and the divalent metal oxides 
or hydroxides form a solid solution in which the trivalent metal oxide or hydroxide is dissolved in the divalent 
metal oxides or hydroxides. When the calcination temperature is high (e.g., about 900°C or higher), however, 
they show a weak diffraction pattern of a byproduct having a spinel structure (Mi 2 * or M 2 ^)M^ 2 0 4 . 

In the compound of the formula (1), as x increases, M^ forms a finer crystallite, and the antimicrobial 

40 activity of the compound improves. However, when x is 0.5 or greater, the amount of by-produced spinel- 
structure compounds increases, and the antimicrobial activity tends to decrease. It is assumed that M 2 ^ is 
dissolved in M^, or M^ is dissolved in M 2 2*\ and that these mutually inhibit their crystal growth and form a 
crystallite, and as a result, improve the antimicrobial activity. When a solid solution containing a trivalent metal 
ion such as Al** is formed, the solid solution forms a fine oxide having a large specific area, and Zn 2 * and/or 

^5 Cu 2 * are more easily released and eluted into water. In the compound of the formula (2), when x exceeds 0.4, 
the amount of M 3 * exceeds the limit of the amount in which all of M 3+ can form a solid solution, and a hydroxide 
of M** may be formed as a byproduct. As a result, the compound of the formula (2) tends to show a decreased 
antimicrobial activity. This tendency can be conspicuously observed when x exceeds 0.5. When x is 0.4 or 
less, the compound of the formula (2) can be obtained as a fine crystallite, and can exhibit high antimicrobial 

so activity. Mg(OH) 2 and Ca(OH) 2 are essential components for the exhibition of antimicrobial activity and the 
' improvement of heat resistance. When y is 0.5 or more, the decomposition of the compound of the formula (1 ) 
by dehydration starts at about 150°C. 

The compound of the formula (1) can be produced by calcining the hydrotalcite compound of the formula 

(2). 

55 KM,*MMa*)i- yli- xM3\(OH) 2 A- x/n-mH 2 0 (2') 

wherein M^, M 2 ^ and M 3+ are as defined in the formula (1), A°- is an anion having a valence of n, x is 
as defined in the formula (1), y is a number in the range of 0<y^1 and m is a number in the range of 0^m^2, 



3 
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at a temperature of 2.000'C or lower, preferably 1 ,500°C or lower, more preferably between approximately 300 
and 1,300°C, particularly preferably between approximately 400 and 1,000°C. for approximately 0 1 to 10 
hours. The calcined powder can be used as it is. For incorporating the calcined powder into a resin or a rubber 
it may be surface-treated with a conventional surface treating agent for improving it in dispersibility. The sur- 
face treating agent includes higher fatty acids, alkali metal or alkaline earth metal salts of higher fatty acids 
phosphate esters, silane-. titanate- or aluminum-containing coupling agents, and esters of polyhydric alcohols 
and higher fatty acids. 

Specific examples of the above surface treating agent preferably include higher fatty acids having at least 
1 0 carbon atoms such as stearic acid, erucic acid, palmitic acid, lauric acid and behenic acid; sulfuric acid esters 
of higher alcohols such as stearyl alcohol and oleyi alcohol; anionic surfactants such as ester-bond sulfuric 
acid ester, ester-bond sulfonate, amide-bond sulfonic acid salt, ether-bond sulfonic acid salt, ether-bond alky- 
lallyteulfon.c ac.d salt, ester-bond alkylallylsulfonic acid salt and amide-bond alkylallylsulfonic acid salf phos- 
phate esters such as mono- ordiester of orthophosphoricacid and oleyl alcohol or stearyl alcohol and a mixture 
of these mono- and diesters which are acid type, alkali type or amine salts; silane-coupling agents such as 
vinylethoxysilane. vinyl-tris(2-methoxy-ethoxy)silane. gamma-methacryloxypropyltrimethoxysilane. gamma- 
aminopropyltrmethoxysilane, beta-<3.4-epoxycydohexyl)ethyltrimethoxysilane, gamma-glydidoxypropyltri- 
methoxys.lane and gamma-mercaptopropyltrimethoxysilane; titanate-containing coupling agents such as iso- 
pmpyltri.sostearoyl titanate. iso P ropyltris(dioctylpyrophosphate) titanate, isopropyltri(N-aminoethyl-aminoe- 
thyl tianate and isopropyltridecylbenzenesulfonyl titanate; aluminum-containing coupling agents such as 
acetoalkoxyaluminum diisopropylate; and esters of polyhydric alcohol and fatty acid such as glycerin mono- 
stearate and glycerin monooleate. 

^ nP ° U 1? f f ° rmU,ae (1) 3nd (2) Ca " be surfa ce-treated (surface-coated) by a known method 
such as a dry method or a wet method. For example, the surface treatment of the compound of the formula 
(2) by a wet method can be carried out by adding a water-soluble surface treating agent to a slurry of the com- 
pound of the formula (2) with stirring. The surface treatment of the compound of the formula (1) by a dry method 
car. be earned out by adding the surface treating agent in the state of a liquid, an emulsion or a solid to a powder 
thJs^T 0 ? the h f ° rm :' a (1 > whi,e the P Qwder is f birred with a Henschel mixer, and fully mixing 
these under heat or no heat. The amount of the surface treating agent may be selected as required, while this 
amount is preferably about 0.1 to about 10 % by weight based on the weight of the compound of the formula 

.ifJr 63 "? 06 "^ 3 ^ °° mp0und of ^formula (1) or (2) may be treated by granulation, drying, milling, clas- 
s.f.cat.on, etc,, as required, to bring it into the state of a final product 

The antimicrobial agent of the present invention is used in various fields where microorganisms may have 

bath ™ enCeSl T 38 fi6ldS ° f drinkin9 W3ter ' f ° 0dS ' reSinS ' rubbers ' wa » '"terior materials for a 

curta n!fc^«H S r ,t3ry : ^^henware, writing tools, underwear, electric cables, flooring materials, shower 
^ a I T ^" re hane ' bU ° y rOPeS ' Vinyl SheetS> ,iimS for ^cultures, synthetic leathers, electric appli- 
m^rioic , ? ' WaXeS ' fatS and ° ilS - CUUin9 ° i,S ' dishes ' tableware, bathtubs, adhesives, packaging 

ma enals sheds for keep.ng animals, sealants, construction materials, furniture, fiber articles such as cloth 

HTk U T Ve " fabriCS ' antifoulin 9 a 9 ents < shi P b °ttom P a ints), coating compositions, adhesives' 
woods, bamboo works, cosmetics, swimming pools, cooling towers and chemicals typified by substitutes for 
copper agents such as lime Bordeaux liquid as a sterilizer for agriculture 

amn Wh t ^l he a "! imicr0 , bial a 9 ent of the P resent '"^ntion is incorporated into a resin, a rubber or a fiber the 
tTsonllh 

to 50 parts by weight, preferably 0.01 to 10 parts by weight, more preferably 0.1 to 5 parts by weighi while 
upon use 39601 ""^ inVenti ° n m " y be inCOr P° rated in a P""*' a <™nt as required depending 

0 1 to^S^Ih 9e "!, 0f "If Pt ?Tl inVe " ti0n may h3Ve 3 secondar V Panicle diameter of approximately 
30o£ Z Si ? the hydroxide of he formula (2) is stable at least up to a processing temperature of about 

Further T h 1 °V he f0rmU ' a (1) iS Stab ' e 31 ' eaSt UP 10 a Pressing temperature of about 1.300-C 
2„ p n ° f he J ormula < 1 > and tna hydroxide oi the formula (2) are also stable to ultraviolet light and 
m Z ^and knear^f ant,m,Crob A ial aoen < of tne P rese nt -vention may be mbced with s spinning solution, 
me tel^t nn f > Pm r?- AS 3 reSU,t - the antimicrobial a 9 a nt of the present invention can overcome 
or earthenware for tableware are finished by firing the glazed earthenware at 1.200°C or a little higher and 

crobL / T* ° f PreS6nt inVemi ° n iS f ired at Such a temperature, it re a ins the antfrn,- 

bv evJn^-?' f '"'I ant,miCrobial a 9 ent of tne P resa nt invention is free from foaming a mo.ded artide 

oersSvtn are W s f„ ZT*T£ " "** ' "* 3 n "* er " PrOCeSSed ' and * * in d ^ 

persibilrty ,n a resin. a rubber and a f.ber and almost free from decreasing the mechanical strength of a molded 
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article. As a result, the molded article can have an excellent appearance. The antimicrobial agent of the present 
invention can work as a heat stabilizer for resins such as polyvinyl chloride, and can overcome the problem of 
the oxides and hydroxides of Cu and Zn decomposing a polyvinyl chloride. 

Although not specially limited, the resin, the rubber and the f iber used in the present invention include ther- 

5 moplastic resins such as polyethylene, a copolymer of ethylene and other a-olefin, a copolymer of ethylene 
and any one of vinyl acetate, ethyl acryiate and methyl acrylate, polypropylene, a copolymer of propylene and 
other a-olefin, polybutene-1 , polystyrene, a copolymer of styrene and acrylonitrile or butadiene, a copolymer 
of ethylene and propyl enediene rubber or butadiene, vinyl acetate, polyacrylate, polymethacrylate, polyur- 
ethane, polyester, polyether, polyamide, polyvinyl chloride, a copolymer of vinyl chloride and vinyl acetate, poly- 

10 vinylidene chloride, poiyphenylene oxide and polycarbonate, thermosetting resins such as a phenolic resin, a 
meiamine resin, an epoxy resin, an unsaturated polyester resin and an alkyd resin; rubbers such as EPDM, 
SBR, NBR, butyl rubber, isoprene rubber and chlorosulfonated polyethylene; and fibers such as acrylic fiber, 
acetate fiber, nylon, pulp, vinylidene chloride fiber, vinylon, non-woven fabrics, polyacetal fiber, polyurethane 
fiber, polyester fiber, polyethylene fiber and polypropylene fiber. 

15 The present invention will be explained more in detail hereinafter with reference to Examples, in which 

and "part" stand for "% by weight" and "part by weight" unless otherwise specified. 

Example 1 

20 A zinc nitrate/aluminum nitrate mixed aqueous solution in an amount of 2 liters (Zn 2+ = 0.7 mol/l, Al 3 ' = 0.3 

mol/l) was added to a mixture of 2 liters of a sodium-hydroxide aqueous solution containing 2 mol/l of sodium 
hydroxide with 0.5 liter of a sodium carbonate aqueous solution containing 0.6 mi/I of sodium carbonate with 
stirring over about 2 minutes, and the mixture was allowed to react at a temperature of about 30°C. The resul- 
tant reaction mixture in the form of a slurry was filtered under reduced pressure, washed with water and dried. 

25 The resultant dry product was milled to form a powder, and the powder was placed in a siliconitt furnace and 
calcined at 400°C for 1 hour. The calcined powder was measured for a chemical composition by a chelate ti- 
tration method, its crystal structure was identified by power X-ray diff ractometry, and it was also measured 
for a BET specific surface area by a nitrogen adsorption method. Further, the calcined powder was evaluated 
for antimicrobial activity as follows. A solution of microorganisms was applied to flat plates of an agar medium 

30 and the microorganisms were cultured. Antimicrobial solutions containing predetermined concentrations of the 
calcined powder (antimicrobial agent) was added to the plates, and a minimum concentration at which the 
growth of the microorganisms was inhibited was taken as a minimum growth inhibition concentration. The lower 
the minimum growth inhibition concentration is, the higher the antimicrobial activity is. The diffraction pattern 
of the calcined powder slightly shifted toward a higher angle side, while it was the diffraction pattern of ZnO 

35 alone. It is therefore seen that the calcined powder was a solid solution of Al 2 0 3 in ZnO. Table 1 shows the 
results of the above evaluations. The calcined powder had the following chemical composition. 

Zn 0 . 7 AI 0 .3. a O 



40 Example 2 

A zinc chloride/magnesium chloride/aluminum chloride mixed solution in an amount of 4 liters (Zn 2 * = 0.1 
mol/l, Mg 2 * = 0.6 mol/l, Al 3 * = 0.3 mol/l) was poured into an over-flowable reaction vessel having a volume of 
2 liters at a rate of about 50 ml/minutes with a quantitative pump with stirring, and at the same time, 4 liters of 

45 a sodium hydroxide aqueous solution containing 2 mol/l of sodium hydroxide was poured into the over-f lowabb 
reaction vessel at a rate of about 35 ml/minute with a quantitative pump with stirring. During the above proce- 
dures, the mixture was maintained at a pH of about 9.0 at a temperature of about 30°C. The resultant reaction 
mixture in the form of a slurry was filtered under reduced pressure, washed with 5 liters of a sodium carbonate 
aqueous solution containing 0.2 mol/l of sodium carbonate, further washed with water, dried and milled. The 

so resultant powder was calcined in a siliconitt furnace at 500°C for 1 hour. The calcined powder showed an X- 
ray diffraction pattern of MgO alone, which shows that the calcined powder was a solid solution of both ZnO 
and Al 2 0 3 in MgO. The calcined powder was evaluated in the same manner as in Example 1. Table 1 shows 
the results. The calcined powder had the following chemical composition. 

Zno.iMg 0 . 6 Alo.s. a O 

55 

Example 3 

A calcined powder was prepared in the same manner as in Example 1 except that 2 liters of the zinc ni- 



5 
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trate/aluminum nitrate mixed aqueous solution was replaced with 2 liters of a copper nitrate/aluminum nitrate 
mixed aqueous solution (Cu 2 * = 0.8 mol/l, Al 3 * = 0.2 moi/l). The calcined powder showed an X-ray diffraction 
pattern which slightly shifted to a high angle side, while it was a diffraction pattern of CuO alone. It was there- 
fore found to be a solid solution of Al 2 0 3 in CuO. The calcined powder was evaluated in the same manner as 
5 in Example 1 . Table 1 shows the results. The calcined powder had the following chemical composition. 

CUo.sAlo.2- a O 

Example 4 

10 A calcined powder was prepared in the same manner as in Example 1 except that 2 liters of the zinc ni- 

trate/aluminum nitrate mixed aqueous solution was replaced with 2 liters of a copper nitrate/magnesium ni- 
trate/aluminum nitrate mixed aqueous solution (Cu 2 * = 0.1 mol/l, Mg 2 * = 0.65 mol/l, Al^ = 0.25 mol/l). The cal- 
cined powder showed an X-ray diffraction pattern of MgO alone. It is therefore seen that the calcined powder 
was a solid solution of CuO and Al 2 0 3 in MgO. The calcined powder was evaluated in the same manner as in 

15 Example 1. Table 1 shows the results. The calcined powder had the following chemical composition. 

Cuo.tMgo.esAWaO 

Example 5 

20 A copper nitrate/calcium nitrate/aluminum nitrate mixed aqueous solution in an amount of 2 liters (Ou 2 * = 

0.5 mol/l, Ca 2 * = 0.1 mol, Al 3 * = 0.4 ml/l) was added to 2 liters of a sodium hydroxide aqueous solution containing 

2 mol/l of sodium hydroxide with stirring and the mixture was allowed to react at 27°C. The resultant reaction 
mixture in the form of a slurry was filtered under reduced pressure, washed with water, dried and milled. The 
resultant powder was calcined in a siliconitt furnace at 600°C for 1 hour. The calcined powder showed an X- 

25 ray diffraction pattern of CuO and a small amount of CuAl 2 0 4 . The calcined powder was evaluated in the same 
manner as in Example 1. Table 1 shows the results. The calcined powder had the following chemical compo- 
sition. 

Cuo.5Cao.1Alo.4-aO 

30 Example 6 

A copper sulfate/zinc sulfate/magnesium sulfate/aluminum sulfate mixed solution in an amount of 2 liters 
(Cu 2 * = 0.2 mol/l, Zn 2 * = 0.1 mol/l, Mg 2 * = 0.4 mol/l, Al 3 * = 0.3 mol/l) was added to 2 liters of a sodium hydroxide 
aqueous solution containing 2 mol/l of sodium hydroxide with stirring and the mixture was allowed to react at 
35 30°C. The resultant reaction mixture in the form of a slurry was filtered under reduced pressure, washed with 

3 liters of a sodium carbonate aqueous solution containing 0.2 mol/l of sodium carbonate, further washed with 
water, dried and milled. The resultant powder was calcined in a silicon it furnace at 500°C for 1 hour. The cal- 
cined powder showed an X-ray diffraction pattern of MgO alone. It is therefore seen that the calcined powder 
was a solid solution of CuO, ZnO and AI 2 C 3 in MgO. The calcined powder was evaluated in the same manner 

40 as in Example 1. Table 1 shows the results. The calcined powder had the following chemical composition. 

CuoiZno.1Mgo.4Alo.3_ a O 

Example 7 

45 The milled powder obtained in Example 2, which was not calcined, was measured for an X-ray diffraction 

pattern to show substantially the same X-ray diffraction pattern as that of hydrotai cites. The above powder 
was also measured for a BET specific surface area, and evaluated for antimicrobial activity. Table 1 shows 
the results. The above powder (not calcined) had the following chemical composition. 

Zn 0 .iMgo.6Alo.3(OH) 2 (C03)o.i50.55H 2 0 

50 

Example 8 

The milled powder obtained in Example 4, which was not calcined, was measured for an X-ray diffraction 
pattern to show substantially the same X-ray diffraction pattern as that of hydrotalcites. The above powder 
55 was also measured for a BET specific surface area, and evaluated for antimicrobial activity. Table 1 shows 
the results. The above powder (not calcined) had the following chemical composition. 

Cuo.iMgo.6 5 Aloi5(OH) 2 (C0 3 )o. 12 50.625H 2 0 
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Example 9 

The dry powder obtained in Example 2, which was not calcined, was calcined at 1,200°C for 1 hour. The 
calcined powder showed X-ray diffraction patterns of MgO and (MgZn)Al 2 0 4 . The diffraction pattern of MgO 
5 shifted to a low angle side to some extent, which shows that ZnO was dissolved. The calcined powder was 
evaluated in the same manner as in Example 1. Table 1 shows the results. The calcined powder had the fol- 
lowing chemical composition. 

Zno.iMgo.eAlo.3-aO 

10 Comparative Examples 1-3 

Cupric oxide as a first grade reagent (Comparative Example 1), zinc oxide (Comparative Example 2)and 
a commercially available, copper-supporting borosilicate glass (Comparative Example 3) were evaluated for 
antimicrobial activities. Table 1 shows the results. 
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Table 1 

BET specific Antimicrobial activity 

surface area Escherichia Staphylococcus 









co 1 i 




aureus 


Ex. 


1 


210 


0.15 




0. 05 


Ex. 


2 


275 


0.10 




0.05 


Ex. 


3 


184 


0.05 




0. 025 


Ex. 


4 


305 


0.025 




0.01 


Ex. 


5 


276 


0.025 




0.025 


Ex. 


6 


280 


0.0125 




0.0125 


Ex. 


7 


104 


0.8 




0.4 


Ex. 


8 


118 


0.8 




0.2 


Ex. 


9 


13 


0.2 




0.1 


CEx. 


1 


6 


above 1 


.0 


above 1 


CEx. 


2 


7 


above 1 


.0 


above 1 


CEx. 


3 




1.0 




0.5 



Note: Ex. = Example, CEx- = Comparative Example 
CEx. 1; CuO, CEx. 2; ZnO, CEx, 3; copper- 
supporting borosilicate glass 



Examples 10 and 11, and Comparative Examples 4 and 5 



Polyvinyl chloride (average polymerization degree 
45 1 .300) 100 parts 

Dioctyl phthalate 50 parts 



50 



Ca/Zn-based complex stabilizer 2 parts 
Antimicrobial agent 2 parts 



55 The above components were uniformly mixed, and the mixture was melt-kneaded with a roll at 170°C for 

3 minutes. The resultant composition was molded into a sheet having a thickness of about 1 mm under a pres- 
sure of 200 kg/cm 2 at 170°C for 2 minutes with a press molding machine. Penicillium was sprinkled over the 
sheet, and was observed for its growth state thereafter. Table 2 shows the results. Example 7 used the anti- 
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S!L a pT nt ,° btain ^ in ^^r P ' e 1 ' ExamP ' e 8 US6d the antimicr °bial agent obtained in Example 5. Com- 

Table 2 

Antimicrobial Activity 
(days for culturing) 
1 Ll_ 2J 2_8_ 



Ex. 10 0 o 

Ex . 1 1 o o 



CEx. 4 2 
CEx . 5 3 



0 1 
0 O 

3 3 4 

4 4 4 



Evaluation ratings: 

0 = No growth of mold 

1 = Slight growth of mold 

2 = A little growth of mold 

3 = Ordinary growth of mold 

4 = Vigorous growth of mold 



a hv£Z£ »m™ h T e " t,0n Pr ° VideS a " antimicrobial a 9 a ™ of an oxide solid solution and/or 

the or^flnn C °7° Und C ° nta,mn9 Cop P er and/or zinc a * ^ active component. The antimicrobial agent of 
the present mvenfon ,s a powder which is free of. or almost free of. toxicity and is excellent in heat resLnce 

i I ITZ 6r v he antimiCr ° bial ° f the « « "™«°" nas high dispersibi.ity i S SZJ 
I 9 C ° m P° S,t,0ns - and * doe * not impair the strength of resins, and the like, nor doesl 



Claims 

1. Use as an antimicrobial agent of a solid solution oxide of the formula (1)- 

P, Jt ),(M^, f ] 1 .,M^ a O (1) 

fromAI-F^ 

and/or a hydrotalcite compound of the formula (2), 

f(Min y (M 2 ^) 1 . xM^OH)^ x/n -mH 2 0 (2) 

to*? ^ ^ X 35 ined ' ^ iS an ani ° n havin9 3 va,ence of 0 <y<° 5 «nd 

2. The use according to claim 1 wherein 0.1^0.4 and 0.1=iy<0.5 in the formula (1). 

3. The use according to claim 1 or 2 wherein 0.01^0.3 in the formula (2). 

4. The use according to any one of preceding claims wherein the solid solution oxide is selected from: 

Zno.7Alo.3- a O 
Zno^MgoeAlo^. a O 

CUo.8Al 0 .2_ a O 

Cuo.iMgo.esAlo^ a O 
Cuo.sCa^Alo^O 

and 

Cuo^no^Mgo^Alo^aO. 
and the hydrotalcite compound is selected from: 

Zn ai Mg 0 .6Al 0J5 (OH) 2 (CO 3 ) 0 . 15 .0.55H 2 O 

and 
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Cu 0 .iMgo.65Alo^5(OH) 2 (C0 3 )o. 1 250.625H20 

5. The use according to any one of the preceding claims wherein M 3 3+ is A! 5 *. 

6. The use according to any one of the preceding claims, wherein the or each said agent is surface treated 
with at least one surface treating agent selected from higher fatty acids, alkali metal salts of higher fatty 
acids, anionic surfactants, phosphate esters of higher alcohols, silane-containing coupling agents, titan- 
ate-containing coupling agents or aluminium-containing coupling agents and esters of polyhydric alcohols 
and higher fatty acids. 

7. An antimicrobial resin, rubber or fiber composition containing 100 parts by weight of a resin, a rubber or 
a fiber and 0.001 to 50 parts by weight of, as an antimicrobial agent, a solid solution oxide and/or a hy- 
drotalcite compound as defined in any one of claims 1 to 6. 

15 8. A solid solution oxide or a hydrotalcite compound as defined in any one of claims 1 to 6. 

9. A process for the production of a solid solution oxide of the formula (1 ), as defined in claim 1 1 which process 
comprises calcining a hydrotalcite compound of the formula (2'). 

[(M,**)^**)!- r h. xM 3+ x (OH) 2 A"- ^ mH 2 0 (2') 
20 wherein M^, M^, M 3+ , x and y are as defined in claim 1, A 0 * is an anion having a valence of n 

and 0^m^2, at a temperature of 2,000°C or lower. 

10. A process for the production of a compound of the formula (2), as defined in claim 1 , which process com- 
prises dissolving Zn(OH) 2 and/or Cu(OH) 2 in Mg(OH) 2 and/or Ca(OH) 2 and further dissolving a trivalent 

25 metal ion such as Al 3 * in the Mg(OH) 2 and/or Ca(OH) 2 . 



30 
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